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ABSTRACT 

Purpose. Limestone and marble are carbonate rocks with several structural and engineering applications. The physical 
and mechanical properties of the rocks are fundamental as they determine their suitability for various use. Temperature 
is one of the critical factors that could affect the properties of the rocks and consequently their engineering application. 
Therefore, a better understanding of how the temperature, especially when it is higher than ambient, will affect the 
properties of the rocks is essential. In this work, the effects of the elevated temperature on some physical and mechan-
ical properties of the carbonate rocks have been studied. 

Methods. Cubic samples of the rocks were prepared and heated in a furnace to different temperatures up to 900°C at 
an interval of 100°C and then cooled to the room temperature for testing. Porosity, dry density and uniaxial compressive 
strength (UCS) of the samples were determined under the effect of the elevated temperature. The porosity and dry 
density were determined using the saturation and buoyancy method while the UCS was estimated from the point load 
index tests performed on the samples. 

Findings. The results of this work indicate that the elevated temperature has significant effects on the physical and 
mechanical properties of the rocks. The porosity of the rocks showed an increasing trend as the temperature was in-
creased while the density steadily decreased especially at the temperature above 300°C. The UCS of the rocks also 
declines with increased temperature but with an intermittent increase in their strength at a specific heating temperature. 

Originality. Most of the available studies on Nigerian carbonate rocks are focused on the estimation of physical and 
mechanical properties of the rocks without considering changes in these properties when the rocks are subjected to 
high temperatures. This study therefore aims to fill the gap by investigating the effects of the elevated temperatures on 
the physical and mechanical properties of some of the Nigerian carbonate rocks. 

Practical implications. The results of this study further increase understanding of the effect of high temperature on 
carbonate rocks, and also help to identify the critical temperature at which the properties of carbonate rocks undergo 
significant and irreversible changes. This information is very important for restoration of valuable fire-damaged struc-
tures made of carbonate rocks. 

Keywords: limestone, marble, elevated temperature, rock properties, heat treatment 

 
1. INTRODUCTION 

Carbonate rocks are a class of sedimentary rocks com-
posed primarily of carbonate minerals. Limestone and do-
lomite are the major types of carbonates rock while marble 
is a metamorphic derivative of the carbonate rocks. These 
types of rock are widely abundant in the upper crust and it 
covers around 23% of the earth crust (Shafiei & Dusseault, 
2012). Esu, Edet, Teme, & Okereke (1994) reported a 
widespread of carbonate rocks occurrence in Nigeria. 

Carbonate rocks have several industrial and enginee-
ring applications. Limestone is used as raw materials in 
construction industries for cement production, road aggre-

gates, floor tiles, etc. Marble is also use as decorative ag-
gregates such as building stone, floor tiles, tombstones, 
sculpture etc. For all these applications the physical and 
mechanical properties of the rocks are fundamental. Pre-
vailing environmental conditions such as temperature, 
pressure, humidity etc. are significant factors that could 
affect the properties of the rocks and consequently affect 
the suitability of their applications. 

Elevated temperature has been recognised to have a sub-
stantial effect on the properties of carbonate rocks (Yavuz, 
Demirdag, & Caran, 2010; Shafiei & Dusseault, 2012; Gon-
zález-Gómez et al., 2015). When engineering structures 
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made of carbonate rocks are exposed to an elevated temper-
ature such as during fire outbreaks, the strength of the struc-
tures is affected and this poses a severe danger to people and 
properties in and around the structures. Prolonged thermal 
induced changes in limestone region could also affect the 
ecosystem as the changes in the properties of the limestone 
most especially porosity and permeability could induced 
more water infiltration and consequently erosion within the 
region (González-Gómez et al., 2015). Therefore, it is es-
sential to study how the properties of rock will be affected 
due to any possible increase in temperature. 

Many researchers have studied the effects of high tem-
perature on the physical and mechanical properties of dif-
ferent types of rocks either granitic, carbonate rocks or 
sandstones. Heuze (1983) reported irreversible changes in 
the properties of granitic rocks when subjected to high 
temperature – the changes which include, among others, 
change in colour, reduction in strength or disintegration of 
the rock fabrics. Nasseri, Schubnel, & Young (2007) con-
ducted an experimental study of some physico-mechanical 
characteristics of Westerly granite at high temperature and 
found a noticeable increase in the number and average 
opening distance of micro-cracks of the rock at a temper-
ature above 250ºC. Ferrero & Marini (2001) reported the 
extension of primary micro-cracks and developments of 
new cracks when calcite marbles were subjected to thermal 
treatment. Other researchers have reported similar results 
on the effects of elevated temperatures on the development 
and propagation of rocks’ micro-cracks thereby reducing 
the strength of the rock (e.g. Cantisani et al., 2009; Ferrero, 
Migliazza, Spagnoli, & Zucali, 2014; Berger, Ebert, Ram-
seyer, Gnos, & Decrouez, 2016; Peng, Rong, Cai, Yao, & 
Zhou, 2016; Sirdesai, Singh, Ranjith, & Singh, 2017). 

The physical and mechanical properties of carbonate 
rocks, as well as other rocks, determines their suitability 
for engineering applications and these properties change 
when subjected to high temperature. Brotóns, Tomás, 
Ivorra, & Alarcón (2013) examined the effect of high tem-
peratures on the physical and mechanical properties of cal-
carenite rock samples. They observed that Young’s mo-
dulus, Poisson’s ratio and uniaxial compressive strength 
of the rock decrease as the temperature increases up to 
600°C. Similar results were also reported by Yavuz, 
Demirdag, & Caran (2010) and González-Gómez et al. 
(2015) for carbonate rocks. 

In this study, carbonate rocks (i.e. limestone and mar-
bles) in some part of Nigeria were selected for the investi-
gation because of their increased engineering and con-
struction applications. Some of these applications such as 
floor and wall tiles, sculptures, tombs etc. could be sub-
jected to elevated temperature in case of fire outbreak. 
Most of the available studies on Nigerian carbonate rocks 
such as Anifowose (1984) and Esu, Edet, Teme, & 
Okereke (1994) are on the estimation of the physical and 
mechanical properties of the rocks without considering the 
changes on these properties when the rocks are subjected 
to high temperatures. 

Therefore, this study aims to investigate the effects of 
the elevated temperatures on the physical and mechanical 
properties of some of the Nigerian carbonate rocks. Block 
samples of the rocks were prepared and subjected to dif-
ferent temperatures up to 900°C. The density, porosity, 

and uniaxial compressive stress of the samples were deter-
mined before the thermal treatment and after the treat-
ment. The results were analysed to determine the signifi-
cance of the elevated temperatures on the rock. 

2. MATERIAL AND METHODS 

2.1. Description of the rock samples 
The carbonate rocks used for this investigation are 

limestone and marble. The limestone samples were col-
lected from the quarry of BUA Cement Company in Ok-
pella while the marble samples were selected from Geo-
works quarry in Igarra. The two quarries were located in 
Edo state, South-southern Nigeria. The geochemical ana-
lyses of the Okpella deposits show that the deposits con-
tain mostly calcite with the average content of 96 wt % 
(Onimisi et al., 2012; Aghamelu & Amah, 2017). Obasi 
(2012) also reported that the Igarra marble is calcitic with 
low dolomite content – the average calcite content is about 
90 wt % while that of dolomite is about 7 wt %. 

The carbonate rocks of these regions were selected for 
this study because of their high compositional features and 
economic values (Obasi, 2012; Aina, 2014; Akinniyi & 
Ola, 2016). Though these samples were collected from the 
blasted rock at the quarries, only the intact rock samples 
free of any blast induced fractures were selected. Sample 
preparations for the determination of the physical and me-
chanical properties were conducted in the Rock mechanics 
laboratory at the Federal University of Technology Akure, 
Nigeria. The preparation of these samples, test procedures 
and calculations followed the relevant standards as sug-
gested by International Society of Rock Mechanics 
(ISRM) (Ulusay & Hudson, 2007). The limestone and 
marble samples were cut into cuboid shapes of dimension 
100 mm in length, 50 mm in width and 50 mm in breadth 
using the masonry saw cutter that utilized water and sol-
uble oil as its coolant to reduce the rate of the dust that 
was being generated during cutting of the samples. Since 
the samples were wet after cutting, the samples were al-
lowed to dry before they were used for the study. Twenty 
limestone samples of the cuboid shape were made and di-
vided into ten pairs. Similarly, twenty cuboid shape mar-
ble samples were made and divided into ten pairs. 

2.2. Heat treatment 
The rate at which a rock sample is heated in a furnace 

will determines the extent of changes in the physical and 
mechanical properties of the rock sample. The high rate of 
heating can cause the rock sample to fail earlier due to 
sudden thermal shock. For the rock to be heated evenly, it 
is imperative to have a slow rate of heating (Yavuz, 
Demirdag, & Caran, 2010). To avoid the thermal shock, 
the rock samples for this investigation were subjected to 
heat treatment at a rate of 5°C/min in a carbolite muffle 
furnace. After the samples were heated to the targeted tem-
perature, the temperature was kept constant for two hours. 
After that, the samples were allowed to cool a little in the 
furnace before they were completely cooled in the desic-
cator to ensure that the samples were not allowed to be 
disrupted by atmospheric temperature. 

Based on the maximum temperature they were sub-
jected to, the limestone and marble samples were catego-
rized into ten groups: 100, 200, 300, 400, 500, 600, 700, 
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800, 900°C and ambient temperature. The ambient tem-
perature during the experiment was approximately 25°C. 
Each group contains two specimens – one specimen for 
mechanical properties tests while the other for physical 
properties tests. 

2.3. Determination of the physical 
and mechanical properties 

The porosity and dry density were determined to study 
the effect of the elevated temperature on the physical pro-
perties of the carbonates rocks while the uniaxial compres-
sive strength (UCS) was determined to assess the impact 
of the temperature on the mechanical property. The poro-
sity and dry density are essential properties of any rock, 
and they are highly correlated. The porosity influence the 
internal surface area per unit material volume and hence 
determines the transport properties and strength of any 
rock materials (Yavuz, Demirdag, & Caran, 2010). Ac-
cording to Martin, Noel, Boyd, & Price (1996), a compres-
sive study of porosity can provide information on the sus-
ceptibility of any rock type to thermal stress. The uniaxial 
compressive strength (UCS) of intact rock samples is one 
of the most important mechanical properties of rock re-
quired for the design of any geotechnical, structural and 
mining engineering projects. Therefore, the three proper-
ties selected could give a better representation of the phys-
ical and mechanical behaviour of the carbonate rocks 
when subjected to elevated temperature. 

The porosity and dry density of the rock samples were 
determined using the saturation and buoyancy method as 
suggested by ISRM (Brown, 1981). The technique, how-
ever, can only be applied to rocks which exhibit intact and 
non-swelling characteristics. Since the limestone and the 
marble are intact and do not swell in the presence of water, 
this technique was employed to measure their porosity. 
The saturated mass (Msat), the submerged-saturated mass 
(Msub), and the oven-dry mass (Ms) of the samples were 
measured using the procedure suggested by ISRM 
(Brown, 1981). The bulk volume (V) of the samples was 
calculated by dividing the difference between Msat and 
Msub with the density of water (ρw) as shown Equation (1). 
The porosity (ɳ) and the dry density (ρd) of the samples 
was calculated using Equations (2) and (3), respectively: 
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The uniaxial compressive strength (UCS) of the sam-
ples was estimated using Point Load Test (PLT) follo-
wing the method suggested for determine point load 
strength by ISRM (Brown, 1981). Though UCS is best 
determined using UCS machine following the procedure 
outlined by ISRM (Brown, 1981) however, it is time-
consuming and expensive when compared with indirect 
estimation of the UCS using point load tests. 

The block samples of the carbonate rocks of dimension 
100×50×50 mm were loaded diametrically during the test. 

The load is increased steadily until the failure of the sam-
ples occurred and the load (P) was recorded. Figure 1 
shows some of the samples after the point load index test – 
the failure mode of the samples is the typical mode of  
failure for valid block tests as described by ISRM (Brown, 
1981). The point load strength index (Is) of the samples 
was calculated using Equation (4): 
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e
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D
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where: 
De – the equivalent core diameter which is given by 

4
e
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π

= ; 

A – the minimum cross-sectional area of the plane 
through the platen contact point. 

 

 

Figure 1. Some rock samples after point load index tests 

Since the tested samples were in block form, it varied 
as a function of De. Therefore, a size correction was  
applied as suggested by ISRM (Brown, 1981) to take care 
of the equivalent diameters for the samples other than the 
standardised 50 mm in diameter. Therefore, the size-cor-
rected point load strength index (Is(50)) of the samples was 
calculated using Equation (5): 
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The major challenge of using the point load test index 
for the estimation of the uniaxial compressive strength of 
rock samples is the determination of the appropriate cor-
relation between (Is(50)) and UCS. Many researchers have 
proposed a number of the correlations based on the tests 
they performed on different rock types. Some of them are 
Broch & Franklin (1972); Bieniawski (1975); Akram & 
Bakar (2007); Kim, Kim, Kang, Kang, & Baek (2012);  
Salah, Omar, & Shanableh (2014); Elhakim (2015).  
However, estimation of the UCS using these correlations 
for different rock types could lead to large variability and 
errors. Therefore, it is highly recommended to develop 
UCS – Is(50) correlations to be used for any specific rock 
type and local geologies (Elhakim, 2015).  

Therefore, based on the information from the quarries 
and the UCS data on the Igarra marble reported by Saliu, 
Akindoyeni, & Okewale (2013), linear regression models 
with zero intercept which correlate the UCS and Is(50)  
were developed. The coefficients of the linear equations 
for the limestone and marble were estimated to be 10.3 and 
11.8, respectively. 
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3. RESULTS AND DISCUSSION 

3.1. Variation of the sample porosity 
with increased temperature 

The porosity of an intact rock depends on the number 
and width of the pores and the pre-existing cracks in the 
rock hence any changes in the characteristics of the pores 
and the cracks due to external factors will affect the po-
rosity of the rock. Elevated temperature is one of such 
factors. Generally, the porosity of the limestone and mar-
ble samples when subjected to high temperature shows a 
gradual increase when compared with the porosity of the 
samples at ambient temperature as shown in Figures 2 
and 3, respectively. 

 

 

Figure 2. Variation of porosity of the limestone samples with 
different temperatures 

 

 

Figure 3. Variation of porosity of the marble samples with  
different temperatures 

However, at some specific temperature range, there is 
a decrease in the porosity of the samples. The Igarra mar-
ble is less porous when compared with the limestone sam-
ple however, the effect of the temperature is more signifi-
cant on its porosity than that of the limestone. The porosity 
of the marble samples increased by 189% at a temperature 
of 900°C when compared with its porosity at the ambient 

temperature while that of the limestone sample increased 
by 125%. As shown in Figure 3, the porosity of the marble 
increased at the temperature of 100°C. The sudden in-
crease in the porosity may be due to the evaporation of some 
locked-in free water in the pre-existing pores of the samples 
thereby exposing the pores. The decrease in the porosity of 
the limestone and the marble samples at a temperature of 
100 and 300°C, respectively as shown in Figures 2 and 3 is 
a possible indication of the expansion of the rocks grains 
and the consequent closure of the pores and pre-existing fis-
sures in the samples. When a rock is subjected to high tem-
perature it leads to the expansion of the grains that constitute 
the mineral assemblage of the rock hence the closure of the 
pre-existing pores leading to the compaction of the rock 
sample (Sirdesai, Singh, Ranjith, & Singh, 2017). Further 
increase in the temperature will lead to more expansion. 
Since each mineral grain has different thermal expansion 
coefficient at a certain temperature, the contrast in the ther-
mal expansion will induced new micro-cracks and thereby 
increase the porosity of the rock samples (Sirdesai, Singh, 
Ranjith, & Singh, 2017). The porosity of the limestone and 
marble samples steadily increased within the range 
300 – 900°C and 400 – 900°C, respectively and this is a 
possible indication of the creation of new micro-fractures at 
the onset of the respective temperature ranges. By regres-
sion analysis, the relationship between the porosity of the 
limestone (ɳL) and the marble (ɳM) with the heating tempe-
rature (T) can be expressed with Equations (6) and (7), re-
spectively. The coefficient of correlation (R2) for the equa-
tions (6) and (7) are 0.95 and 0.91, respectively: 

3 2 58 0.2 10
1000 100 1000L

T T Tη    = − + + +   
   

;    (6) 

3 2 620 0.3 2.2
1000 100 1000M

T T Tη    = − + − +   
   

.   (7) 

3.2. Variation of the sample density 
with elevated temperature 

Density is one of the physical properties of rock which 
determines its application for engineering purposes. The 
effect of the high temperature on the densities of the lime-
stone and marble samples is shown in Figures 4 and 5. The 
density of the samples decrease with increase in tempera-
ture when compared with their densities at the ambient 
temperature however, the changes are not as significant as 
that of their porosities. As shown in Figure 4 the tempera-
ture effect on the limestone density is more significant than 
that of the marble sample which is expected because the 
marble sample is less porous than the limestone sample as 
shown in Figure 3. The density of the limestone decrease 
by 41% at the temperature of 900°C when compared with 
its density at the ambient temperature while the density of 
the marble decrease by 15% at the same temperature range. 

A remarkable reduction in the density of the samples, 
when compared with their initial densities at ambient tem-
perature, was observed at the temperature above 200°C 
and 300°C for the limestone and marble samples, respec-
tively. This observation is also an indication that at these 
temperatures there is possibility of the creation of new mi-
cro-cracks and pores, as explained in Section 3.1, which 
leads to the increase in their porosities. 

Po
ro
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 (%
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Figure 4. Variation of density of the limestone samples with 
different temperatures 

 

Figure 5. Variation of density of the marble samples with  
different temperatures 

The increase in the porosity makes the samples less 
compact and consequently reduced their densities. Poros-
ity and dry density are highly correlated – a highly porous 
rock usually has low density (Brown, 1981). By regression 
analysis, the fitting Equations (8) and (9) describe the re-
lationship between the density of the limestone (ρL) and 
the marble (ρM) with the temperature (T), respectively. The 
coefficient of correlation (R2) for both equations are 0.95: 

3 2 43 6 2.7
1000 1000 1000L

T T Tρ    = − + − +   
   

;    (8) 

3 2
2 2.9

1000 1000 1000M
T T Tρ    = − + − +   

   
.    (9) 

3.3. Temperature effect on the uniaxial 
compressive strength (UCS) 

The UCS is one of the most important mechanical 
properties of rock as it is often used as a key input for the 
characterisation of the rock material strength. It also de-
termines rock suitability for engineering purposes hence 
any changes in the UCS of rock due to external factors 

such as high temperature will affect the engineering appli-
cation of the rock. 

The results of the effect of the elevated temperature on 
the limestone and marble samples are presented in Fi-
gures 6 and 7. The results reveal the trend that the increased 
temperature has a significant effect on the strength of both 
limestone and marble samples. The overall impact of the el-
evated temperature is almost the same on both rock samples 
when considering the percentage decrease in their strength 
at 900°C. However, there are differences in the pattern of 
change in the strength of the rocks at different temperatures. 

 

 

Figure 6. Variation of UCS of the limestone samples with  
different temperatures 

 

Figure 7. Variation of UCS of the marble samples with 
different temperatures 

As shown in Figure 7 the UCS of the marble generally 
decreased with increased temperature but with an intermit-
tent increase in its strength at a specific heating tempera-
ture. For instance, the UCS at 400°C is about 30% higher 
than that at 300°C and the UCS also increased by 55% 
from 400 to 500°C. Notwithstanding the intermittent in-
crease, the strength of the limestone decreased rapidly 
from 60 to 4 MPa, a decrease of about 93% from 400 to 
900°C. This temperature range (i.e. above 400°C) falls 
within the range when the porosity of the marble rapidly 
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increased as explained previously. An increased in the po-
rosity makes the rock sample less compact and conse-
quently result to the reduction of the rock strength. These 
observations are similar to those reported by Zhu, Tian, 
Jiang, & Cheng (2018) for Chinese marbles. They ob-
served that at a temperature above 200°C the trend of the 
strength of some marble with temperature can either in-
creasing or decreasing while most marble basically de-
crease with temperature from 200 to 800°C. For the lime-
stone, decreasing trend of the strength with increase in 
temperature was observed as shown in Figure 6. 

Similar to the behaviour of the marble sample, the 
trend of the UCS with temperature also show some inter-
mittent increase. From 100 to 200°C the strength increased 
by 30%. From 400 to 500°C the strength also increased by 
30%. The UCS at 700°C is about 40% higher than that at 
600°C and also the strength increased by 40% from 700 to 
800°C. Nevertheless, the strength of the limestone de-
creased rapidly from 41 to 5.6 MPa, a decrease of about 
86% from 200 to 900°C. González-Gómez et al. (2015) 
has also reported similar behaviour for some Mexican 
limestone when subjected to high temperature. By using 
regression analysis, equations (10) and (11) were found to 
provide a good fit to changes in the UCS of the lime stone 
(UCSL) and the marble (UCSM), respectively as a function 
of the heating temperature (T). The coefficient of correla-
tion (R2) for the equations (10) and (11) are 0.88 and 0.75, 
respectively: 

3 2 1320 58
1000 100 100L

T T TUCS    = − + − +   
   

;  (10) 

3 2 860 0.6 67
1000 100 100M

T T TUCS    = − + − +   
   

. (11) 

4. CONCLUSIONS 

Limestone and marble are significant rocks in Nigeria 
because of their increasing structural and engineering ap-
plications. Many researchers have investigated the proper-
ties, compositional features and economic values of the 
carbonate rock. However, the effects of the prevailing en-
vironmental conditions such as high temperature on the 
Nigerian carbonate rocks have not been much reported. 
The knowledge of these effects is essential to determine 
the behaviour of any structures made of these rocks when 
exposed to high temperature.  In this study, the effects of 
the elevated temperature on the physical and mechanical 
properties of the carbonate rocks were investigated. Dry 
density, porosity and UCS of the rock when subjected to a 
different high temperature. The effects of the high temper-
ature on the physical and mechanical properties of the 
rocks were analysed, and from the results, the following 
conclusions can be drawn: 

1. Generally, the elevated temperature has a significant 
effect on the physical and mechanical properties of the 
carbonate rocks. 

2. The measured porosity for the limestone and mar-
ble increased steadily with the increased temperature at 
a temperature above 300 and 400°C, respectively. How-
ever, the increase is more remarkable for the marble than 
the limestone, though the marble is less porous than 

limestone. A sudden increase in the porosity of the mar-
ble was observed at a temperature of 100°C, which could 
be due to the evaporation of locked-in free water in the 
pre-existing pores. Additional studies would be required 
to confirm this assumption. 

3. The density of the rocks showed a decreasing trend 
with the increased temperature, but the changes are not as 
significant as that of the porosity. A remarkable reduction 
in the density of limestone and marble was observed at the 
temperature of 200 and 300°C, respectively. 

4. The UCS of the limestone and marble behaved dif-
ferently, though the general decreasing trend was ob-
served. The UCS of the marble increased intermittently 
between the temperature range of 300 and 500°C and later 
decreased rapidly from the temperature above 400°C. The 
rapid reduction in the UCS of the limestone occurred at a 
temperature above 200°C, though an increased in its UCS 
was observed at a temperature range of 100 and 200°C. 

5. From the previous studies, such as Sirdesai, Singh, 
Ranjith, & Singh (2017), it has been observed that at a spe-
cific temperature, new micro-cracks and pores are created 
in rock samples due to thermal stress. The new cracks and 
pores lead to the increase in the porosity and reduction in 
the density and consequently reduce the strength of the 
rock material. Therefore, in this study, the possible onsets 
of the progressive development of these new cracks and 
pores for the limestone and marble are at a temperature 
above 300 and 400°C, respectively.  
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ВПЛИВ ВИСОКИХ ТЕМПЕРАТУР НА ФІЗИКО-МЕХАНІЧНІ 
ВЛАСТИВОСТІ КАРБОНАТНИХ ПОРІД У ПІВДЕННОЇ НІГЕРІЇ 

М.А. Ідріс 
Мета. Вивчення впливу високих температур на фізико-механічні властивості карбонатних порід на основі 

експериментальних термічних досліджень їх зразків для проектування будівель і споруд, стійких до руйнувань 
від пожеж. 

Методика. Кубічні зразки порід нагрівалися в печі до 900°C з інтервалом у 100°C, а потім охолоджувалися 
до кімнатної температури. Пористість, об’ємна маса в сухому стані, міцність на одноосьовий стиск (МОС) зразків 
визначалися при різних високих температурах. Пористість та об’ємна маса в сухому стані вимірювалися шляхом 
визначення насичення й плавучості зразків, у той час як МОС оцінювалася при випробуванні зразків на зосере-
джене навантаження. 

Результати. Результати дослідження свідчать про те, що високі температури чинять суттєвий вплив на фізико-
механічні властивості карбонатних порід. З підвищенням температури пористість порід має стійку тенденцію до 
збільшення, а об’ємна маса – до зменшення, особливо при температурах вище 300°C. МОС також в цілому знижу-
ється при підвищенні температури, однак при деяких температурах спостерігається тимчасове збільшення міцності. 
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Наукова новизна. Вперше для карбонатних порід Нігерії встановлено характер впливу високих температур 
на їх фізико-механічні властивості, що раніше не досліджувалось. Дане дослідження проведено з метою запов-
нення прогалини у вивченні цього питання. 

Практична значимість. Розширено уявлення щодо впливу високих температур на карбонатні породи та визна-
чено критичні значення температури, при яких їх властивості зазнають суттєвих і незворотніх змін. Ці дані є досить 
важливими для відновлення значущих споруд із карбонатних порід, які піддалися руйнуванню під час пожежі. 

Ключові слова: вапняк, мармур, висока температура, властивості породи, тепловий вплив 

ВЛИЯНИЕ ВЫСОКИХ ТЕМПЕРАТУР НА ФИЗИКО-МЕХАНИЧЕСКИЕ 
СВОЙСТВА КАРБОНАТНЫХ ПОРОД В ЮЖНОЙ НИГЕРИИ 

М.А. Идрис 
Цель. Изучение влияния высоких температур на физико-механические свойства карбонатных пород на ос-

нове экспериментальных термических исследований их образцов для проектирования зданий и сооружений, 
устойчивых к разрушениям от пожаров. 

Методика. Кубические образцы пород нагревались в печи до 900°C с интервалом в 100°C, а затем охлажда-
лись до комнатной температуры. Пористость, объемная масса в сухом состоянии, прочность на одноосное сжатие 
(ПОС) образцов определялись при различных высоких температурах. Пористость и объемная масса в сухом  
состоянии измерялись путем определения насыщения и плавучести образцов, в то время как ПОС оценивалась 
при испытании образцов на сосредоточенную нагрузку. 

Результаты. Результаты исследования свидетельствуют о том, что высокие температуры оказывают значи-
тельное влияние на физико-механические свойства карбонатных пород. С возрастанием температуры пористость 
пород имеет устойчивую тенденцию к увеличению, а объемная масса – к уменьшению, особенно при температу-
рах выше 300°C. ПОС также в целом снижается при повышении температуры, однако при некоторых температу-
рах наблюдается временное увеличение прочности. 

Научная новизна. Впервые для карбонатных пород Нигерии установлен характер влияния высоких темпера-
тур на их физико-механические свойства, что ранее не исследовалось. Данное исследование проведено для за-
полнения пробела в изучении этого вопроса. 

Практическая значимость. Расширены представления о влиянии высоких температур на карбонатные по-
роды и определены критические значения температуры, при которых их свойства претерпевают существенные и 
необратимые изменения. Эти данные очень важны для восстановления значимых сооружений из карбонатных 
пород, которые подверглись разрушению при пожаре. 

Ключевые слова: известняк, мрамор, высокая температура, свойства породы, тепловое воздействие 
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